Abstract Bilateral risk-reducing salpingo-oophorectomy (RRSO) has been shown to significantly reduce the risk of ovarian cancer. This study assessed factors predicting uptake of RRSO. Women participating in a large multiple-case breast cancer family cohort study who were at increased risk for ovarian and fallopian tube cancer (i.e. BRCA1 or BRCA2 mutation carrier or family history including at least one firstor second-degree relative with ovarian or fallopian tube cancer), with no personal history of cancer and with at least one ovary in situ at cohort enrolment, were eligible for this study. Women who knew they did not carry the BRCA1 or BRCA2 mutation segregating in their family (true negatives) were excluded. Sociodemographic, biological and psychosocial factors, including cancer-specific anxiety, perceived ovarian cancer risk, optimism and social support, were assessed using self-administered questionnaires and interviews at cohort enrolment. RRSO uptake was self-reported every three years during systematic follow-up. Of 2,859 women, 571 were eligible. Mean age was 43.3 years; 62 women (10.9 %) had RRSO a median of two years after cohort entry. Factors predicting RRSO were: being parous (OR 3.3, p = 0.015); knowing one's mutation positive status (OR 2.9, p \ 0.001) and having a mother and/or sister who died from ovarian cancer (OR 2.5, p = 0.013). Psychological variables measured at cohort entry were not associated with RRSO. These results suggest that women at high risk for ovarian cancer make decisions about RRSO based on risk and individual Please see the Appendix section for ''The kConFab Psychosocial group'' members.
Introduction
Hereditary breast/ovarian cancer (HBOC) syndrome describes the occurrence of breast cancer and ovarian and related gynecologic cancers in multiple family members across several generations. In about 20-30 % of families this is due to a germline mutation in the BRCA1 or BRCA2 gene. The lifetime risks for ovarian and related gynecologic cancers range from 40 to 60 % for carriers of BRCA1 mutations and 10-20 % for carriers of BRCA2 mutations [1] . Bilateral risk-reducing salpingo-oophorectomy (RRSO) has been shown to significantly reduce the risk of ovarian and related gynecologic cancers (hazard ratio of 0.21, 95 % CI = 0.12-0.39) [2] , and to approximately halve breast cancer risk if undertaken in pre-menopausal women. Due to the lack of efficacy of screening [3] and the high mortality associated with ovarian and related gynecologic cancers, RRSO is currently considered the optimal risk management strategy for women at high risk [2] .
It is now recognized that fallopian tube and primary peritoneal carcinomas are histologically and clinically identical to invasive serous epithelial ovarian cancer and have a common embryological origin, with most now considered to be derived from the fimbria of the fallopian tubes [4] . However for the sake of brevity, this group of cancers will be referred to as 'ovarian cancer' hereafter, although arguably the term 'ovarian cancer' is misleading and the best terminology is being debated at present.
A growing body of data has become available on the patient and family history characteristics that predict uptake of RRSO. These include being older, e.g. [5, 6] , number of children e.g. [6] , having a family history of ovarian cancer, e.g. [6, 7] , or a personal history of breast cancer, e.g. [8] , and being a carrier of a BRCA1 or BRCA2 mutation, e.g. [7, 9] . However, almost no empirical evidence is available on the psychological determinants of the decision to undertake RRSO. Cognitive and affective factors, as well as personal values, are likely to be as important as, if not more important, than the individual woman's actual ovarian cancer risk, as reflected by factors such as age, strength of family history, and carrier status. For example, dispositional optimism may be considered a dimension potentially underlying decisions about RRSO; according to the framework developed by Scheier and Carver [10] , optimism is thought to have important behavioral consequences, which derive from a generalized expectancy that good things will happen.
This study fills a gap in the existing literature by assessing the psychological factors associated with uptake of RRSO in a cohort of women at increased risk for ovarian cancer. In accordance with the framework developed by Scheier and Carver [10] , we hypothesize that women who are more optimistic, will be less inclined to opt for RRSO. We also hypothesize that women with more social support will be more likely to take up RRSO, consistent with literature showing the strong documented role of social support in promoting positive psychological adjustment [11] and potentially women's ability to implement their decisions about risk management [11] . Furthermore, corresponding to the related literature that explores determinants of uptake of risk-reducing surgery in women at increased risk for breast/ovarian cancer, it is hypothesized that uptake of RRSO will be associated with perceived risk for ovarian cancer [12] and/or breast/ovarian-cancer related anxiety [13] and that these associations may be modified by age, given that recommendations for RRSO are age-specific [3] .
Materials and methods

The sample
This study was approved by all the required Institutional Review Boards. The sample for this study was drawn from women participating in two prospective sub-studies (the Clinical Follow-up study and the Psychosocial study [14] ) of a large genetic, epidemiological, medical and clinical data resource of individuals from multiple-case breast cancer families across Australia and New Zealand (the Kathleen Cuningham Foundation Consortium for Research into Familial Breast Cancer-kConFab). kConFab is a cohort of multiple-case breast cancer families from Australia and New Zealand [15] . Families are recruited after an initial family member attends a consultation in one of 16 family cancer clinics. Eligibility criteria for families are complex, but include a strong family history of breast cancer and/or ovarian cancer, or a documented BRCA1 or BRCA2 mutation [15] .
Blood is drawn for potential mutation analysis at the time of enrolment (although only key individuals in each family are actually tested) and an epidemiology and family history questionnaire is completed. Unless the individual has attended a familial cancer clinic, genetic counseling does not take place prior to any research-based genetic testing. When a BRCA1 or BRCA2 mutation is found in a family member, all enrolled family members who had previously indicated they would like to receive such information are notified by letter that relevant genetic information has become available and that they now have the option of attending a familial cancer clinic for genetic counseling and clinical genetic testing for the family mutation.
Clinical follow-up data and psychosocial data are collected in parallel using three-yearly self-report questionnaires and a semi-structured interview [14] . All participants provided informed consent at cohort enrolment. Cancer events, risk management practices, epidemiological and lifestyle risk factors, cancer risk perception, psychological variables, personality characteristics, levels of social support and life-event stress are updated every three years.
To be eligible for the current analysis, women had to be 'unaffected' with cancer at the time of cohort enrolment (i.e. no personal history of cancer, except non-melanoma skin cancer or cervical intraepithelial neoplasia CIN I-III), have at least one ovary in situ at the time of cohort enrolment, be at increased risk for ovarian cancer (i.e. carry a BRCA1 or BRCA2 mutation and/or have at least one firstor second-degree relative with ovarian cancer). Women who were found to be 'true negatives' (i.e. proven noncarriers of the BRCA1 or BRCA2 mutation segregating in their family) and knew their mutation status were excluded from the analyses, as were women who developed ovarian cancer after cohort enrolment. Women who developed breast and cancers other than ovarian cancer after cohort enrolment were included in the analysis.
Measures
Predictor variables
All predictor variables were assessed at cohort entry.
Demographic variables Data on age, educational level, marital status and parity were collected at interview.
Family history variables
The following family history data were included in the analysis: data on total number of first-and second-degree relatives diagnosed with ovarian cancer, and whether the woman's mother or (at least one of) her sister/s died from ovarian cancer.
Genetic testing results Actual BRCA1 and BRCA2 mutation status was based on kConFab records rather than self-report. Participants' knowledge of their mutation status was determined during the psychosocial interview. Data on whether a woman had attended a familial cancer clinic were collected as part of the Clinical Follow-Up study.
Perceived lifetime risk of developing ovarian cancer Perceived lifetime risk of developing ovarian cancer was assessed by asking participants to indicate their perceived risk on a numerical differential scale ranging from 0 ('No chance') to 100 ('Definitely').
Actual lifetime risk of developing ovarian cancer Actual lifetime risk of developing ovarian cancer was calculated using the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA), which can be used to estimate the risks of developing ovarian cancer by age 70 [16] .
Cancer-specific anxiety This was assessed using the seven-item Intrusive Thoughts subscale of the impact of event scale (IES) [17] . Intrusion is defined as 'the involuntary entry into awareness of ideas, memories and emotions.' Specifically, participants were asked about the frequency and severity of intrusive thoughts about being at risk of developing breast/ovarian cancer in the past week, ranging from 'Not at all' to 'Often'. Scores range from 0 to 35, with higher scores indicating more intrusive thoughts.
Life orientation test (LOT)
The LOT was included to assess dispositional optimism. It is a widely used questionnaire with well-documented psychometric properties [10] . Scores range from 0 to 32, with higher scores indicating more optimism.
Social support This was assessed by the Duke-UNC Functional Social Support Questionnaire [11] . This 8-item scale is a validated measure of the degree of satisfaction with available support. Scores range from 8 to 40, with higher scores indicating more social support.
Outcome variable
Uptake of risk-reducing salpingo-oophorectomy (RRSO) Data on uptake of RRSO during the follow-up period was taken from the most recent three-yearly Clinical Follow-Up study questionnaire, which was administered at least 3 years and, in some cases, up to 9 years after baseline assessment, depending on time passed since cohort entry.
Statistical analysis
Data were initially explored for normality of distribution. Bivariate analyses were used to assess the associations between predictor variables and uptake of RRSO. None of the continuous variables were normally distributed, and thus Mann-Whitney U tests were used in the bivariate analysis of these variables. Categorical variables were assessed using Pearson Chi square analyses. For multivariate analyses, all variables with p \ 0.25 in bivariate analyses were entered into a logistic regression and then removed progressively using a backward elimination modeling strategy [18] , until only those variables with p \ 0.05 remained, while adjusting for age as a potential confounding variable. The Hosmer-Lemeshow goodness of fit test was performed and confirmed the appropriateness of tests.
Analyses were also conducted to ascertain whether breast/ovarian cancer-specific anxiety and/or perceived ovarian cancer risk were associated with uptake of RRSO depending on age group (\40 years, 40-49, vs. 50?). The corresponding interaction terms were entered (psychological variable by age group), one by one, into the final model. However, none of the interaction terms were significant, and they were, therefore, omitted from the final model. Furthermore, potential interactions between mutation status and a range of demographic, family history and psychological variables (age, parity, total number of firstand second-degree relatives with ovarian cancer, perceived ovarian cancer risk, and cancer-specific anxiety) were assessed but found not to be significant.
Our sample size of 571 women provided 80 % power at a 0.05 level of significance to detect a difference of 10 % in perceived ovarian cancer lifetime risk between women who had an RRSO (N = 62) and those who did not (N = 509), based on SD = 29.5 and 25.7 respectively, range 0-100). This difference corresponds to an effect size difference of 0.4, that is a medium effect size [19] . This difference is based on the smallest effect that would have clear public health significance and provides a sensitive indicator of clinically meaningful differences [20] .
Results
Of the entire sample of 2,859 unaffected women included in the kConFab Psychosocial and Clinical Follow-Up study, 805 (28.2 %) women were at increased risk for ovarian cancer according to the eligibility criteria for inclusion in the analysis stated above. Of these 805 women, 195 women (23.9 %) at increased risk for ovarian cancer had undergone RRSO, 133 (16.3 %) had undergone RRSO prior to cohort entry and were therefore not eligible for inclusion in this analysis, and 62 women (7.6 %) after cohort entry.
The final sample for this prospective analysis consisted of 571 women, who met all the eligibility criteria for this current analysis. See Fig. 1 for a description of how the final sample size was established. Table 1 describes the characteristics of the sample at baseline. The mean age of the sample was 43.3 years (SD 12.8). Seventy-four percent of women were parous. The number of first-and seconddegree relatives diagnosed with ovarian cancer ranged from 0 to 12 (median of 1). One hundred and nineteen women (24.6 %) reported having been tested and knowing that they were mutation positive, while 452 (75.4 %) reported not having been tested or being ineligible for testing because no family-specific mutation had been identified to enable them to have predictive genetic testing. The mean actual life time risk of developing ovarian cancer according to BOADICEA was 9.1 %. Forty-nine percent (49.2 %) of women reported having attended a familial cancer clinic.
Of the 571 women included in this prospective analysis, 62 (10.9 %) reported having RRSO during the follow-up period, a median of two years (range: 1 month to 8 years) following the completion of baseline psychosocial questionnaires. Amongst women in the prospective analysis, 23 (37.1 %) underwent RRSO before age 40, compared to 21 (33.9 %) between ages 40 and 49 years, and 18 (29.0 %) after the age of 49 years; uptake was not statistically different between age groups. The mean age of women who underwent RRSO was 43.8 (SD 9.0) and that of those who did not was 43.2 (SD 13.3). Tables 2 and 3 show the results of bivariate analyses of the categorical and continuous variables respectively, hypothesized to be potentially associated with RRSO. Women who were married or living as married were significantly more likely to have had RRSO, compared to those who were not married (13.0 vs. 6.0 %, v 2 = 5.33, p = 0.021). Similarly, those with offspring were significantly more likely to have undergone RRSO, compared to those without offspring (13.1 vs. 4.7 %, v 2 = 7.95, p = 0.005). Furthermore, women who had been tested and informed of their mutation positive result were more likely to have undergone RRSO compared to those who had not been tested or who had been tested but not been informed of the result (20.2 vs. 8.7 %, v 2 = 11.44, p \ 0.001). Finally, women who had a mother or sister(s) who had died from ovarian cancer were more likely to have opted for RRSO than those who had not (17.2 vs. 9.7 %, v 2 = 4.32, 
Discussion
A growing body of literature has become available on the socio-demographic and family history factors predicting uptake of RRSO [21] . However, surprisingly few studies have incorporated an assessment of women's psychological characteristics as potential determinants of decision-making about RRSO. Findings from this small number of studies are somewhat conflicting [6, 12, 22, 23] in terms of the correlates and/or predictors of intention to have, and actual uptake of RRSO. With the exception of one study, which reports on attitudes to, as opposed to actual uptake of, RRSO in the kConFab cohort [23] , all of these previous studies involved women recruited through specialist familial cancer clinics or gynecological clinics. Women attending such clinics are self-selected and may be motivated to attend clinics to discuss risk-reducing surgery by high levels of anxiety or perceived risk [23] . By contrast, our study relates to a more broadly recruited cohort of women at high risk for breast/ovarian cancer, half of whom have never attended a familial cancer clinic. Thus, the findings reported are more likely to be representative of the psychological responses of the larger population of women at increased risk for ovarian cancer.
Previous research shows that women opting for riskreducing surgery may be motivated by high levels of anxiety about breast/ovarian cancer [6, 24] and/or high levels of perceived risk [12, 22, 23] . The results reported here do not support this previous research. The results reported here suggest that among women in the kConFab cohort decision-making about RRSO is associated with socio-demographic characteristics and knowledge about carrier status, rather than psychological factors such as high levels of anxiety and perceived risk. Our data also did not confirm our hypothesis of a positive association between social support and uptake of RRSO; although perhaps surprising, this findings is consistent with a recent study of women's decision-making regarding risk-reducing mastectomy, which highlights that many women felt that the decision was ultimately theirs to make despite the influence of friends, family, and the medical team [25] .
Our hypothesis of an association between optimism and uptake of RRSO was also not confirmed. It has been argued that successful adaptation to cancer depends on the ability to sustain and modify illusions that buffer present and future threats [26] . Similarly, unrealistic optimism (also referred to as optimism bias) about perceived risk levels of threatening events can be adaptive [27] . However, it can be argued that optimism bias in the context of hereditary cancer is maladaptive, as it is likely to cause women to be less inclined to take up effective measures with proven ability to lower the risk of cancer developing in the future.
Our findings demonstrate that women with offspring are more likely to opt for RRSO; this result is consistent with other studies, which found that not having children was associated with delaying surgery [9, 28] . The observed association between having offspring and uptake of RRSO is of course not surprising, given that RRSO results in irreversible infertility, and is therefore unlikely to be attractive to women who have not yet had children or those who are parous but are uncertain about whether to have more children. Furthermore, clinical practice guidelines recommend that RRSO is used for women who have completed childbearing [3] . In contrast to previous studies, e.g. [5] , increasing age was not associated with uptake of RRSO once parity had been adjusted for in multivariate regression, suggesting that, amongst pre-menopausal women, childbearing plans rather than concerns about menopausal symptoms or sexual side-effects of RRSO may be more important determinants of decision-making about RRSO.
We also found that proven carriers of a BRCA1 or BRCA2 mutation were more likely to undergo RRSO, underscoring similar findings reported elsewhere [7] . This result indicates that women may derive a sense of certainty from having their mutation status confirmed, and that women use such personally relevant information to make decisions about RRSO.
Finally, we found that women who had a mother and/or sister who died from ovarian cancer were more likely to opt for RRSO, compared to those who had not. Thus experience of a mother's and/or sister's illness and ultimate death due to ovarian cancer may arouse strong fears and concerns about a woman's own health and life expectancy, and such concerns in turn are likely to motivate women to opt for RRSO, given its proven effectiveness in reducing the risk of ovarian cancer.
Interestingly, uptake of RRSO was not associated with actual risk of developing ovarian cancer, which may in part reflect the fact that about half the sample had never had their risk formally assessed at a familial cancer clinic. On the other hand, our findings do correspond to previous findings in the area of psychological aspects of genetic testing which show that psychological factors, rather than objective risk, guide interest in genetic testing and psychological adjustment to test results. For example, amongst individuals at risk of developing hereditary breast cancer or hereditary nonpolyposis colorectal cancer, interest in genetic testing is significantly associated with perceived risk but not objective risk [29] , and adjustment to results has been found to depend more on pretest psychological adjustment than the test result itself [29] .
The limitations of our study should be noted. Our study did not assess physician recommendation for RRSO, which has been shown to be a key factor in determining cancer screening uptake [28] and is likely to also be important in influencing decisions about RRSO. The relatively low RRSO uptake rate in our prospectively assessed sample (10.9 %) needs to be considered in the context of this being a non-clinical cohort; almost 60 % of the women have had no direct contact with a familial cancer clinic and have thus not necessarily received genetic counseling or specialist risk management advice. Another shortcoming of our study is that psychological variables were assessed in some cases several years prior to RRSO, and these variables might have been different just prior to RRSO. On the other hand, the long follow-up period also represents a strength of the study, given previous studies that show women often take many years to decide to have RRSO [6, 28] . We also acknowledge that our sample is heterogeneous given both women who knew they were mutation positive were included as well as those who did not know their mutation status. On the other hand, the heterogeneity of the sample also represents a strength, in that it reflects current clinical practice, where mutation testing can be offered to a minority of women only and where most women have to make decisions about their ovarian cancer risk management within a context of uncertainty without the benefit of having been provided with their mutation testing results to clarify their risk. Finally, it is unknown to what extent our findings on the predictors of uptake of RRSO are generalisable to other countries, given the evidence available on the substantial international differences in both attitudes to, and uptake of, RRSO [30] . Such differences are likely to reflect differences in provider [31] and patient attitudes [32] , which are at least in part culturally determined.
These results suggest that women at high risk for ovarian cancer make decisions about RRSO based on risk and individual socio-demographic circumstances, rather than in response to psychological factors such as anxiety.
